of peritonism, who were evaluated with diagnostic laparoscopy c. Nonoperative management (NOM) group consisting of hemodynamically stable without peritonitis. Need for surgical exploration was considered if the patients of NOM became hemodynamically unstable or developed relevant clinical signs.
The study included demographic data, mechanism of injuries, prehospital care, and time elapsed in reaching the combat hospital. Analysis of associated injuries, investigations performed, procedures done, requirement of transfusion of blood, duration of admission, and surgical outcomes were carried out. Brought in dead patients were excluded from the study.
rEsults
The observations and the results are summarized in Tables 1-5 . In 3 years, 580 trauma patients were brought to trauma center of the combat hospital, out of which 48 suffered PAT. Out of 48 PAT cases, 32 (66.7%) had gunshot wound (GSW) and 16 (33.3%) had injuries due to grenade blast. Time elapsed from injury to reaching hospital ranged from 3 to 14 h with a mean of 7 h. Evacuation time was influenced by hostile environment, hilly terrain, availability of means of evacuation, unfavorable weather conditions, etc.
All patients were male with median age of 23 years (range 19-46 years) [ Table 1 ]. Out of 48 PAT patients, 27 (56.3%) had additional injuries to the limbs, chest, head, and neck region [ Table 2 ]. Eight (16.7%) patients reached in a state of hemorrhagic shock.
FAST was done for 40 patients (83.3%), whereas CT scan was done for 18 patients (37.5%) depending on the clinical status of the patients on reaching the hospital.
Thirty-five patients (72.9%) were taken up for emergency laparotomy on presentation, 6 patients (12.5%) were considered for diagnostic laparoscopy and remaining 7 patients (14.6%) were managed conservatively [ Table 3 ]. Out of 6 patients who underwent diagnostic laparoscopy, 2 patients were found to have hemoperitoneum necessitating immediate conversion to open surgery.
In the laparotomy group of 37 patients (35 initial laparotomies and 2 conversions from diagnostic laparoscopy), most patients had multiple hollow viscus and solid-organ injuries [ Table 4 ].
The most common injury encountered was perforation of the small intestine in 21 patients (43.7%). In 16 cases, one to three rents were found without significant peritoneal soiling. These cases were treated with primary repair. Out of these, 13 cases had uneventful recovery, but 3 cases developed signs of leak in form of peritonitis in the postoperative period. These three patients underwent reexploration with resection and ileostomy. Three cases with laceration of small portion of small intestine without significant peritoneal soiling underwent resection and anastomosis, while one case with laceration of intestine with peritoneal soiling needed resection and ileostomy. We had five cases of colonic laceration with peritoneal soiling. All these cases underwent resection, end colostomy with mucous fistula. Restoration of continuity of gut was done after 3-6 months in patients with ileostomy and colostomy. No patient developed enterocutaneous fistula in a follow-up ranging from 6 months to 2 years [ Table 5 ].
Nine patients had evidence of solid organ injuries, equally distributed among the liver, spleen, and kidney [ Table 4 ]. In three patients with liver laceration, bleeding was controlled by cautery and suturing. Out of three patients with splenic injuries, two patients had Grade 4 laceration requiring splenectomy, while in one patient with Grade 2 splenic laceration underwent suture splenorrhaphy. Three patients sustained Grade 4/Grade 5 laceration of the kidney with hemorrhage that required emergency nephrectomy to salvage the patients. These three patients reached the hospital in shock with signs of peritonitis. They were too unstable for any preliminary investigations like CT scan and were taken up for immediate emergency laparotomy. They had other concomitant bleeding sites with intestinal/mesenteric rents along with Grade 4/Grade 5 renal injury. The only way to salvage these patients was to arrest the hemorrhage with nephrectomy. On table single-shot intravenous urography to assess the contralateral kidney was not done. However, the contralateral kidney was clinically examined as a part of exploratory laparotomy was done and found to be intact in these three patients. CT scan was done during the postoperative recovery period if indicated.
Six patients (12.5%) had vascular injuries. Blood requirements varied from nil to 24 units with a mean of 3 units. The most common complication was superficial surgical site infection and ventilator-associated pneumonia which was seen in 6 cases (12.5%) [ Table 6 ]. Four casualties required multiple surgeries because of wound dehiscence, anastomotic leak, sepsis, or colostomy/ileostomy closures. Two patients with multiple injuries in the liver, spleen, aorta, and inferior vena cava (IVC) succumbed to their injuries.
Hospital stay ranged from 9 to 39 days (median 14 days). Patients who could be evacuated early from combat zone had better outcomes. Patients with shock required more blood transfusions, had more complications, had prolonged recovery period, and two such casualties presenting with shock succumbed to their injuries. Patients with large intestine injury and fecal soiling of peritoneal cavity benefitted with proximal colostomy or enterostomy of gut. Patients with small intestine injuries in the absence of fecal soiling were managed by primary repair.
Discussion
Expectant management was the approach of choice worldwide for PAT till the 19 th century and was associated with overwhelming morbidity/mortality. Dr. Marion Simms, President of the American Medical Association, advocated mandatory exploration leading to decrease in mortality from World War I (53%), World War II (24%), the Korean conflict (12%), and the Vietnam War (9%). [5] Shafton and Nance emphasized the shift from mandatory to selective celiotomy. [6] [7] [8] In our study, majority of the patients (85.4%) required surgical intervention. Out of the six patients taken up for diagnostic laparoscopy, two needed conversion to laparotomy as one patient had biliary soiling due to proximal ileal injury and the other patient had hemoperitoneum due to liver laceration. Seven patients who were hemodynamically stable, had no signs of peritonism, and had negative FAST exam were managed conservatively. This is different from noncombat scenario where more patients with PAT can be managed conservatively. The pattern of penetrating abdominal injuries in combat zone due to GSWs is different from the ones caused by stab wounds seen in civilian, noncombat scenario. We recommend very close monitoring for patients undergoing nonoperative treatment and low threshold for exploration in case of clinical deterioration for PAT patients in combat zone.
War wounds create wider damage due to higher velocity, cavitatory effect, and jagged splinters. Limbs and pelvis are the most frequently injured parts. Abdominal and thoracic lesions have higher mortality in trauma victims. [9] Polytrauma deaths are usually caused by cranial injuries in 40%-50%, by hemorrhage in 30%-35%, and by multiple organ failure in 5%-10% of cases. Two mortalities in the study were due to profound hemorrhagic shock following multiple intra-abdominal injuries with aortic injuries.
Kristensen et al. [10] introduced FAST in emergency for evaluation of hemoperitoneum. Rozycki et al. [11] reported that FAST is an accurate modality for detecting fluid in the pericardial sac. [10, 11] Sensitivity and negative predictive value for hemoperitoneum are 78%-99% and 93-99%, respectively. [12] FAST is mandatory for detection of pericardial hemorrhage (i.e., cardiac injury). [10, 13, 14] In our study, it was the investigation of choice and was done in 40 cases. We recommend using FAST as the part of the initial assessment on the presentation of the patients. Hauser et al. [15] recommended "triple-contrast" CT for penetrating injuries of back and flank. The wound looks may appear innocuous and the patient may be stable on presentation. However, most of these patients will require exploratory laparotomy It is an essential diagnostic tool for selective management of PAT obviating the need for mandatory surgical exploration. It is selectively used for stable patients. [14] Detection of intestinal perforation and diaphragmatic injury may be the two major limitations of CT scan. In our study, CT scan was performed in 18 cases and contributed significantly to decision-making.
Diagnostic laparoscopy was introduced as a possible diagnostic and therapeutic procedure by Ivatury et al. [16] for PAT. We performed it for six cases with equivocal signs of peritonism, out of which two were positive with hemoperitoneum and biliary leak and were converted to formal laparotomy. On laparotomy, one patient was found to have liver laceration in which hemostasis was achieved by application of direct pressure, Surgicel and minimal use of Monopolar cautery, while the other patient with biliary soiling was detected to have two small rents in the proximal ileum which were repaired primarily.
Urgent laparotomy is mandatory for hemodynamic instability, gross peritoneal signs, and evisceration. [17, 18] If PAT presents with evisceration, signs of peritonism or hemodynamic instability, it requires urgent surgery. In our study, six patients had evisceration of omentum/small intestine and underwent urgent surgery.
Abdominal exploration for trauma has four goals -(i) hemorrhage control, (ii) contamination control, (iii) identification of injury, and (iv) its repair/reconstruction. After the major hemorrhage is controlled, blood and blood clots are removed and abdominal packing is done to provide tamponade and achieve hemostasis [ Figure 1 ]. In PAT patients with signs of peritonitis, even if they are stable, need exploratory laparotomy [ Figure 2 ].
In our study, three cases had rents in the stomach that were all repaired primarily without any subsequent complications. Isolated small bowel perforations can be closed primarily [ Figure 3 ]. However, multiple contiguous small bowel rents or injury on the mesenteric border with associated mesenteric hematoma generally necessitates segmental resection and anastomosis. In our study, in 16 cases, small intestinal perforations were repaired primarily, whereas three patients underwent segmental resection and anastomosis as the initial procedure. Two cases had multiple contiguous rents in distal small intestine with gross soiling. They underwent segmental resection followed by creation of ileostomies with mucous fistulas.
An injury of the colon can be treated by various procedures such as primary closure, resection and anastomosis, proximal colostomy and mucous fistula, or Hartmann's procedure. [4] We had five cases involving large intestinal injury with spillage. All cases underwent resection of large intestine and colostomy with mucous fistula. Restoration of gut continuity was performed after 3-6 months postprimary surgery.
Rents in the diaphragm should be closed to prevent contamination of the thoracic cavity as well as possible diaphragmatic hernias. We found diaphragmatic rent in three cases all of which were repaired primarily after placing chest tubes.
Most penetrating splenic injuries require a splenectomy. Superficial penetrating injuries of the spleen can be managed by either splenorrhaphy or application of topical hemostatic agent. We had two cases that required splenectomy and one case of splenic injury could be managed with splenorrhaphy. Liver injuries are common in both blunt and penetrating trauma. Majority of injuries are superficial or minor and require simple application of pressure, hemostatic agent, or fibrin glue only. The argon beam coagulator is also a helpful adjunct. We had two cases of penetrating liver injuries which could be managed with application of pledgeted sutures.
Penetrating renal injuries that result in a Grade IV (cortical/ calyceal injury and associated vascular injury with contained Figure 2 showed multiple rents in the small intestine and the mesentery in spite of the patient being stable on presentation. If minimal peritoneal soiling is present, these rents can be safely repaired primarily hemorrhage) or Grade V (shattered kidney and vascular avulsion) invariably necessitate a nephrectomy if there is a viable and functional contralateral kidney. We had three cases of Grade IV/V renal injury that required emergency nephrectomies.
Retroperitoneum is divided into three zones. Zone 1 is central -comprising abdominal aorta, celiac axis, superior mesenteric artery, vena cava, and proximal renal vasculature. The lateral retroperitoneum (Zone 2) encompasses the proximal genitourinary system and its vasculature. The pelvic retroperitoneum (Zone 3) contains the iliac arteries, veins, and tributaries of veins. Ideally, proximal (and when applicable, distal) control needs to be achieved before exploring any retroperitoneal hematoma. Retroperitoneal hematomas in any of the three zones require exploration for all penetrating injuries. For retroperitoneal hematomas in Zone 1, mandatory exploration is required irrespective of a penetrating or blunt mechanism. For Zone 2 hematomas resulting from blunt trauma, only pulsatile or expanding hematomas should undergo exploration. Gross extravasation of urine also necessitates exploration. Zone 3 (pelvic retroperitoneum) hematomas should be explored only for penetrating injuries. We found retroperitoneal injuries in nine cases (18.8%) at surgery equally distributed among the three zones.
"Damage-control" strategy, popularized by Rotondo et al., is a staged celiotomy strategy that was initially made operational by Mattox and Feliciano and was labeled as the "Bogota bag" approach [ Figure 4 ]. Mattox and Feliciano popularized the technique in the United States. [19] A staged celiotomy ("damage-control" laparotomy) might be necessary if the patient becomes acidotic, hypothermic, coagulopathic, or hemodynamically compromised. Trauma surgeons have evolved surgical techniques and protocols for managing increasingly severe thoracic, abdominal, extremity, and peripheral vascular injuries according to principles of damage control. Damage Figure 4 : Laparostomy in a case of gunshot wound abdomen. Often at the end of the surgery, the abdominal cavity closure is not possible. A transparent polyethylene covers allow for rapid closure that permits easy postoperative status of the peritoneal cavity "Bogota Bag" control laparotomy is usually performed in high-grade liver and major vascular injuries. The final definitive abdominal closure can be done by secondary suturing once the critical period of increased intra-abdominal pressure is over [ Figure 5 ]. We performed damage control surgery in four (8.3%) cases, out of which two patients succumbed. One patient had aortic bifurcation laceration with IVC rupture and was near completely exsanguinated at presentation, and the other patient had IVC rupture with shattered left kidney with hemorrhagic shock.
conclusion
Well-established management protocols for effective management of PTA are laid out. They include urgent transportation to a well-equipped trauma center after first aid by trained staff in golden hours, early recognition of the injuries, early surgical intervention, excellent knowledge of the anatomy, and good surgical judgment. Well-equipped trauma center must have trained trauma team, portable X-ray machine, ultrasound machine, and CT scan with dedicated blood bank. Our study reinforces these management strategies and depicted the worst outcome with hemorrhagic shock. Our study also points to the good outcome by primary repair of small intestine injuries with minimal soiling. Patients who are hemodynamically stable without signs of peritonitis and negative FAST can be managed with nonoperative treatment with close observation and low threshold for surgical exploration in case of deterioration of the clinical condition.
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